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ABSTRACT 
AIM: 
The aim of this study is to evaluate the staining ability of coffee, tea and coca - cola 
on three different nanohybrid composites using reflectance spectrophotometry as a 
function of Commission Internationale delÉclairage LAB (CIELAB). 
MATERIALS AND METHODS: 
Thirty discs of composite samples were made using polytetrafluoroethylene rings of 2 
mm thickness and 20 mm diameter, in each composite group. Group I – Polofil NHT 
(30 specimens), Group II – Filtek Z350 (30 specimens), Group III – Tetric N-Ceram 
(30 specimens). The baseline colour measurement of 90 specimens were measured. 
All the 90 samples were not exposed to any beverages and were taken as the control 
group. Once the baseline values are obtained, the specimens were exposed to coffee, 
tea and coca cola with 10 samples from each group for each beverage. After seven 
days of exposure, the colour change was evaluated using the CIELAB ∆E 
measurement. Statistical analysis was done using ANOVA for inter group analysis 
and Tukey HSD for multiple comparisons. 
RESULTS: 
The combinations starting with maximum staining and ending with minimum staining 
are as follows – (Filtek + coffee) > (Polofil +coffee) > (Filtek + tea) > (Tetric + 
coffee) > (Polofil + tea) > (Filtek + coca cola) > (Polofil + coca cola) > (Tetric + tea) 
> (Tetric + coca cola). Among the groups, stainability of Group II > Group I > Group 
III. Among the beverages, the stainability of coffee > tea > coca cola. Statistically 
significant difference found between coffee and coca cola in all composites. Whereas, 
statistical significant difference between Filtek and Tetric found in all beverages. 
CONCLUSION: 
The commonly consumed beverages coffee, tea and coca cola all produced colour 
changes on the nanohybrid composites tested in this study, with coffee producing 
more clinically significant colour change. 
KEY WORDS: 
Beverages, nanohybrid composites, reflectance spectrophotometry. 
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INTRODUCTION 
             A dental restoration is defined as the restorative material used to restore the 
function, integrity and morphology of missing tooth structure that happened mostly 
due to dental caries or trauma.[18] Many materials like gold, platinum, aluminium, tin 
were tried in the past as restorative materials.[91] While the need for strength is the 
prime requirement for posterior restorations, anterior restorations need to have good 
stable aesthetic properties. 
              Although glass ionomer restorations are tooth-like, they lack colour matching 
with natural translucency of enamel. So the dental resin based composite (RBC) is the 
material of choice for direct anterior restorations. 
              A composite is a material made up of two or more constituent materials with 
significantly different physical or chemical properties when combined, produce a 
material with characteristics different from the individual components.[48] The 
individual components remain separate and distinct within the finished structure. 
              A dental composite typically consists of a resin based oligomer matrix, such 
as bisphenol A-glycidyl methacrylate (BISGMA), urethane dimethacrylate (UDMA) 
or semi-crystalline polyceram (PEX) and inorganic filler such as silicon dioxide 
(silica). To bond the glass filler particles to the plastic resin matrix, the filler particles 
are coated with silane, an adhesive coupling molecule.[49] 
             Besides aesthetics, the other advantages of composites are ability to micro-
mechanically bond to tooth structure, no requirement for extensive retentive tooth 
preparations, easy reparability of broken composite restorations and good working 
time during chairside handling of the material. 
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              The disadvantages of composites are need for more skilful, laborious 
techniques during placement, polymerization shrinkage leading to secondary caries, 
stain more frequently, tendency to wear easily, degrade in high alcohol content in 
drinks and relatively expensive.[13] 
              Most commonly, the discolouration of composites is due to surface or 
subsurface changes which lead to penetration and reaction of staining agents on the 
superficial layer of composite resins. When anterior composites are considered, micro 
leakage and water sorption of the resin based composites affects its physical 
properties to a great extent over a period of time. The unfavourable wear properties 
and effect of staining agents in the food materials affect the micro hardness of the 
composite restorations and increases its roughness. This renders the composite 
restorations more susceptible to long-term failures.[14] 
                When the inorganic filler particles in the composites are nano-sized (0.1-
100 nm, 1nm=10-9 m), they are called nano composites. Extremely small filler 
particles have dimensions that are below the wavelength of visible light (0.4-0.8 
micro meter), and hence they are unable to scatter or absorb visible light. Thus, nano 
fillers are usually invisible and render the advantage of optical property improvement. 
[14] 
              Due to their smaller particle size, nano fillers can increase the overall filler 
level. Since polymerisation shrinkage is mainly because of the resin matrix, the 
increase in filler level results in a lower amount of resin in nano composites, 
significantly reducing the polymerization shrinkage. This dramatically improves its 
physical properties. Because of nano fillers, the composites also have good gloss 
retention.[68] 
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               So in this study 3 nano hybrid composites (Polofil NHT, Filtek Z350, Tetric 
N ceram) are chosen to investigate the staining ability in 3 commonly consumed 
beverages (Coffee, Tea and Coca cola). 
              Polofil NHT is a product from VOCO Company of Germany. It is a nano 
hybrid composite that has >83% weight of filler component and its shrinkage is 
<1.8%. Filtek Z350 XT from 3M ESPE of USA is an  universal restorative material 
(anterior/posterior). It contains nano particles of silica and zirconia fillers. The filler 
loading is >72.5% by weight and shrinkage <2%. Tetric N Ceram from ivoclar of 
Liechtenstein is also a universal composite. It has the ability to produce chameleon 
effect due to the presence of nano colour pigments. It has fillers >74% and its 
shrinkage is <1.5%. 
              The three beverages selected in our study are BRU Instant, Taj tea bags, both 
from Hindustan Unilever Company and  Coca-cola from Tiruvallur. 
              Colorimeters, Spectrophotometers, Spectroradiometers and Camera systems 
can measure the computation of colour. [105] In the present study, the CIE(commission 
Internationale delÉclairage) Lab system was used for colour measurement.[75] 
According to Okuba S and Kanawati AR, the use of CIE Lab system with a 
reflectance spectrophotometer is recommended for dental purposes. This system 
characterizes colour based on human perception. It is a method developed in 1978 by 
the commission Internationale delÉclairage for characterizing colour. To conclusively 
establish the change in colour under the influence of staining agents, the light 
reflectance of the materials is studied using spectrophotometer in the wavelength 
range between 350 and 830 nm. It is a device which measures transmittance and 
reflectance as a function of wavelength. In our study samples made from the three 
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types of composites are subjected to spectrophotometer study before and after 
exposure to beverages to accurately determine the level of colour change. 
               Hence, the purpose of this study was to evaluate and compare the staining 
potential of the three beverages (Coffee, Tea and Coca-cola) upon three nano hybrid 
composites over a period of 7 days using spectrophotometer. 
Aim and Objectives 
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AIM: 
The aim of this study was to evaluate the staining ability of Coffee, Tea and Coca 
cola on three different nanohybrid composites using reflectance spectrophotometry as a 
function of Commission Internationale delÉclairage (CIE) Lab value of ∆E.  
 
OBJECTIVE: 
1. To assess base line value of three nanohybrid composites (Polofil NHT, Filtek Z350, 
Tetric N ceram) using reflectance spectrophotometer.  
2. To assess staining potential of the beverages (Coffee, Tea, Coca cola) on nanohybrid 
composites (Polofil NHT, Filtek Z350, Tetric N ceram) for a period of 7 days using 
reflectance spectrophotometric analysis. 
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REVIEW OF LITERATURE 
Douglas WH and Craig RG (1981)[35] in their study compared greater and lesser 
hydrophobic composites (Adaptic and Concise), with respect to staining capacity and ease 
of stain removal. The specimens stained based on methylene blue after aging process by 
weatherometer under conditions of 43°C. They concluded that aged specimen stained more 
readily and are more resistant to hygiene procedures. 
Dietschi et al (1994)[34] classified composite discolouration into three types. 
(1) External discolouration due to the accumulation of plaque and surface stains (extrinsic 
stain) 
(2) Surface or sub-surface colour alteration implying superficial degradation or slight 
penetration and reaction of staining agents within the superficial layer of composite 
resins (absorption) 
(3) Body or intrinsic discolouration due to physico-chemical reactions in the deeper portion 
of the restoration. 
Abu-Bakr N et al (2000)[2] studied to evaluate the effect of various media on the colour 
stability of compomer and to compare these results to those of other materials that could 
be used in similar clinical circumstances. They measured the colour by CIE L* a* b* 
relative to CIE source against a white background, using a colorimeter He concluded the 
effect of various media on the colour stability of compomer and to compare these results 
to those of other materials that could be used in similar clinical circumstances. 
Watts and Addy (2001)[104] reviewed the literature on the causes of tooth staining and 
discolouration as there has been little mention of the aetiology of discolouration since 
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vogel’s review in 1973. They noted that some of the materials used in restorative dentistry 
may have an effect on the colour of the teeth. Eugenol and phenolic compounds used during 
root canal therapy contain pigments which may stain dentin. Some of the polyantibiotic 
pastes used as root canal medicaments may cause a darkening of the root dentine. They 
also concluded that discolouration in amalgam fillings is due to penetration of tin into the 
dentinal tubules. 
Guler AU et al (2005)[47]  studied  to evaluate the stainability of auto (Protemp II) 
and light-polymerized composite(Revotek LC),  provisional restorative materials, 
reinforced microfill(Micronew),, and microhybrid resin(Filtek Z250, Herculite XRV)  
composite restorative materials upon exposure to different staining agents(water, coffee, 
coffee with sugar, tea, tea with sugar, coffee with artificial creamer and sugar, cola, red 
wine, or sour cherry juice). Colour value of all specimens were measured before and after 
exposure with a colorimeter using CIE L * a * b *. He concluded that reinforced microfill 
restorative material tested was found significantly more colour stable than other composite 
materials tested. 
Ertas E et al (2006)[40] studied the discolouration of two nanohybrids, two 
microhybrids, and a posterior composite resin restorative material upon exposure to 
different drinks--namely tea, cola, coffee, red wine, and water.He evaluated the colour 
value by a colorimeter based on CIE Lab system. They concluded that red wine is highest 
colour change in staining agents. Among the five composites Filtek p60 and Z250 were 
observed to manifest less colour change than the nanohybrids and quardrent LC. 
Sachdeva GS et al (2007)[85] studied the colour matching ability of three light cure 
composite materials, in variable thickness with their respective shade guides and the 
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standard vitapan shade guide using CIE Lab spectroscopy. They concluded that composite 
shade guides do not accurately match either with their respective shade guides or the 
standard vitapan shade guides. 
Ayad NM et al (2007)[16] studied to determine the staining potential of glass-
ionomer and composite resin restorative materials following immersion in common 
beverages like coffee, tea, coco-cola. Nine tooth-coloured restorative materials were used: 
three glass ionomers (ceramic-reinforced, resin-modified, and conventional) and six 
composite resins (nanofilled, ormocer-based, flowable ormocer-based, polyacid-modified, 
microhybrid, and flowable microhybrid). Color coefficients (CIE Lab) were evaluvated by 
a spectrophotometer before and after staining He concluded that ∆E was significantly 
higher for coffee and tea than for cola; the ∆E was significantly higher for the polyacid-
modified composite resin than for all other materials. The ceramic reinforced glass ionomer 
material showed the least amount of colour change in coffee and tea. But the nanofilled 
composite showed the least effect in coco-cola. 
Ergucu Z et al (2008)[39] investigated to compare the colour changes of five novel 
resin composites (Filtek Supreme XT, Grandio, CeramX, Premise and Tetric EvoCeram) 
polished with two one-step polishing systems when exposed to coffee solution. The 
baseline value and experimental value measured after immersion by spectrophometric 
analysis.  After one week, all materials exhibited significant colour changes compared to 
baseline and also they concluded all Mylar finished specimens showed the most intense 
staining. 
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Topcu FT et al (2009)[98]  studied to evaluate the discolouration effects of granule 
lemon juice, artificial saliva, coca cola, coffee (without sugar), fresh carrot juice, sour 
cherry juice and red wine on resin-based composite materials that are commonly used in 
restorative dentistry. They have used resin composites made of Filtek Supreme (3M Espe), 
(Filtek Z 250 (3M Espe), Charisma (Heraeus-Kulzer) and Quadrant (Cavex) which were 
immersed in eight different solutions. The Colours measured by using a XL-20 Trismus 
Colourimeter and colour differences (DeltaE) were calculated. They found that the lowest 
ΔE values were observed in the artificial saliva, whereas ΔE values were the highest in red 
wine group. When comparing the four different restorative materials, Filtek Supreme 
exhibited the least colour changes whereas Filtek Z250 was the least colour-stable due to 
its nano particles. Hence they concluded that dental resin composites and drinking solutions 
were significant factors that may affect the colour stability.  
Rao MY et al (2009)[82] studied to evaluate the effect of three home bleaching 
agents: Vivastyle Paint On, Vivastyle, and Opalascence PF on the colour stability of the 
microfilled composite Durafill, the nanofilled composite Filtek Z 350, and the glass 
ionomer cement Fuji II. After bleaching specimens were evaluated for color change using 
CIELAB technique and reflectance spectrophotometer. He concluded that GIC Fuji II 
demonstrated the highest colour change followed by the microfilled composite Durafill. 
The nanofilled composite Filtek Z 350 showed the least colour change suggesting that the 
nanofilled composite is highly resistant to colour degradation. 
Tunc ES et al (2009)[100] evaluated the effects of exposure to various children's 
drinks on the colour stability of different esthetic restorative material commonly used in 
pediatric dentistry (Fuji IX, Fuji II LC, Dyract Extra, and Filtek Z250) using colorimeter. 
Review of literature 
 
10 
 
He concluded among the four Fuji II is the most colour changeable and Fuji IX is the least 
colour changeable and the RMGIC should be avoided in anterior restorations in children 
due to esthetic reasons. 
Fontes ST et al (2009)[44] used digital spectrophotometer to evaluate the colour 
stability of a nanofill composite resin (Filtek Z350) in different immersion media (coffee, 
yerba mate, grape juice or water) 4hr /day for 1week. They concluded that the tested 
nanofill resin-based composite was susceptible to staining by substances present in the 
grape juice. 
Poggio et al (2009)[79] investigated to evaluate staining of four dental composite 
resins two microfilled , two nanofilled (Esthet-X,  Gardia Direct, Ceram-X mono, and 
Filtek supreme XT , exposed to different  chlorhexidine mouthwashes(Corsodyl 0.2% and 
curaspet ADS 0.2%) . The specimens were kept for one minute two times a day for 7days 
and 14days in chlorhexidine mouthwash and distilled water (control). They measured 
colour value using spectrophotometer according to the CIE L* a* b* system. He concluded 
the microfilled and nanofilled composite resins had similar discolouration in both 
mouthwashes and no statistically significant differences between curaspat and corsodyl.  
Mundim F M et al (2010)[71] studied to assess the colour change of three types of 
composite resins exposed to coffee and cola drink, and the effect of repolishing on the 
colour stability of these composites after staining. The CIE L*a*b* system in a reflection 
spectrophotometer (PCB 6807; BYK Gardner) is the methodology used. They 
concluded for all composite resins, coffee promoted more colour change (ΔE>3.3) than 
distilled water and the cola soft drink. 
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Brandt WC et al (2010)[24] studied the effect of different photo-initiators and light 
curing units on degree of conversion of composites. They used Blends of BisGMA, 
UDMA, BisEMA and TEGDMA with camphorquinone, 1-phenyl-1, 2-propanedione 
(PPD); and Dimethylaminoethyl methacrylate as co-initiator. The methodology used were, 
spectrophotometer to study the absorption curve of each photo initiator and Fourier 
transformed infrared spectroscopy to study the degree of conversion of composites. They 
showed that PPD has potential as an efficient visible light photo-sensitizer however it is 
dependent on the LCU used for photo-activation. Hence they concluded that the same 
composite can exhibit different mechanical and optical properties with different light cure 
units because the degree of conversion varied.  
Yeli M et al (2010)[106] studied recent advances in composites. They found in 
belleglass composites, nitrogen when introduced during polymerization process, it gave an 
improved wear resistance. Oxygen if gets entrapped in the composite, it interferes with 
polymerization and reduces translucency. The change in these polymerization processes 
might affect colour. 
Borges AL et al (2011)[20] investigated  to evaluate the effect of immersion media 
(coffee, cola and water) on colour stability of seven different composite resins (Solidex - 
Shofu, Resilab-Wilcos, Signum - Heraeus, Epricord - Tokuyama, Adoro - Ivoclar 
Vivadent, Admira - Voco and Sinfony - 3MESPE) using a digital spectrophotometry. After 
one week of immersion, they concluded that all of the composites tested except Adoro were 
susceptible to staining by substances present in coffee and cola, when stored in beverage 
for seven days.  
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Chandrasekhar V et al (2011)[28] conducted study to analyse the intensity of light 
in polymerizing light cured composites and its relation to colour stability. The forty 
specimens of composite disc were divided into two groups and cured with light curing unit 
of 380mw/cm2 and 680mw/cm2 respectively. The samples were then immersed in 
methylene blue dye and amount of colour released into absolute alcohol was assessed by 
spectrophotometric and colourimetric analysis. They found that the group cured with low 
intensity light stained more compared to the group cured with normal intensity of light. 
They concluded intensity of light plays a crucial role in staining of the polymerized light 
cured composite. 
            Malekipour M R et al (2012)[63] studied the effects of different common drinks 
(tea, coffee, lemonade, and cola) consumed by patients on one of the widely used 
composites (Z100- shade A2) in dentistry. Color values measured relative to standard 
illuminant D65 using the CIEL*a*b* system and spectrophotometer. Tea and coffee 
produced the most discolouration, whereas, water exhibited the least colour change after 
immersion for 14 days. After one day of immersion, coffee caused the least discolouration 
in the test composite, compared to other drinks. 
Tonetto M R Santezi Neto C et al (2012)[97] used spectrophotometer to evaluate, 
in vitro, the colour changing of composites after immersion in different substances for 
different periods. Red wine showed a higher tendency toward altering the composite colour 
than acai berry pulp. Tea and coffee produced the most discolouration, whereas, water 
exhibited the least colour change after immersion for 14 days in Z100.  
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Erdemir U et al (2012)[38] assessed the effects of three sports drinks on the colour 
stability of four resin composites (Clearfil Majesty Posterior, Filtek Supreme, Clearfil 
APX, and Filtek Z250) after 1-month and 6-month periods. The tested resin composites 
showed colour changes over the 6-month evaluation periods.The baseline colour value and 
experimental colour value measured a spectrophotometer according to the CIEL*a*b* 
color scale  At 1 month, highest level of colour changes was observed in the Clearfil APX 
specimens immersed in Burn. Clearfil Majesty Posterior showed less discolouration in all 
the composite materials tested after 6 months. 
Patodiya A et al (2012)[77] in their review state that the water sorption in 
conventional composites causes surface discolourations. Also the heavy monomers 
(BisGMA and UDMA) could not hold the filler particles glued to them for longer time 
periods hence leading to voids and surface defects. 
Al Kheraif AA et al (2013)[5] studied to evaluate the effects of different staining 
solutions on the colour stability of nanocomposites(Grandio) compared with microhybrid 
(Arabesk) resin and the degree of conversion of these two materials.The colour value 
before and after experiment measured in spectrophotometer (Color-Eye 7000A, Gretag 
Macbeth, New Windsor,NY,USA) based on CIE L*a* b* scale. Nano resin composite 
showed significantly higher discolouration than microhybrid composite. He concluded that 
nano resin composite showed significantly higher discoloration than microhybrid 
composite. 
 Al-Dharabb A (2013)[7] studied the effect of the energy drinks(red bull, bison 
,power horse energy drinks and distilled water) on the color stability of three nano filled 
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composites (Filtek Z350, Tetric Evo Ceram and Filtek Z250). The color assessment done 
using CIELAB calorimeter before and after storage periods of 1, 7, 30 and 60 days. They 
concluded that highest total colour differences ∆Eab   was found in the red bull group after 
60 days. 
Al-Samadani KH et al (2013)[12] investigated to evaluate the colour stability of 
restorative materials (composite, resin-modified glass ionomer cement, and compomer) 
when exposed to a cola beverage. They used chromameter to study the colour values. He 
concluded to avoid colour degradation through cola, the lighter shades of composites and 
compomers should be favoured to restore anterior and more visible lesions. Resin-modified 
glass ionomer cement is not recommended in esthetically critical areas due to its tendency 
to discolour due to cola exposure. 
Alawjali SS et al (2013)[6] investigated to compare the effect of three different one-
step polishing systems on the colour stability of three different types of 
nanocomposites(Tetric EvoCeram, Grandio and Herculite Précis) after immersion in coffee 
for one day and seven days and determine which nanocomposite material has the best 
colour stability following polishing (OptraPol, OneGloss and Occlubrush) with each of the 
one-step polishing system. The colour  values analysed using spectrophotometer at baseline 
and after one and seven days. . They concluded  highest colour change values were with 
Tetric EvoCeram groups.    
Jain C et al (2013)[52] compared colour stability and surface topography of three 
different feldspathic porcelains (Vita-VMK 95, Ceramco-3, Duceram Kiss) both 
qualitatively and quantitatively after exposure to routinely consumed beverages (tea, 
coffee, coca cola, distilled water and orange juice). Among all the five test solutions, 
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Coffee showed the maximum staining of the ceramic whereas maximum surface roughness 
was shown by the Duceram Kiss (1.48 μm) by Orange Juice which could be due to its high 
titratable acidity. 
Tanthanuch S et al (2014)[93] studied to investigate the effects of five beverages 
(apple cider, Coca-Cola, orange juice, beer, and coffee) on microhardness and surface 
characteristic changes of nanohybrid resin composite and giomer. They recorded Vicker’s 
microhardness and surface characteristics using scanning electron microscopy. They found 
microhardness of all groups significantly decreased after being immersed in the tested 
beverages. They concluded that beverages on the surface of restorative materials as well as 
the exposure time and chemical beverage and composition of the restorative materials. 
Oday H et al (2014)[7] investigated the colour stability of different types of nano-
hybrid resin based composite restorative materials (Filtek Z 350 XT, Ceram X Duo, Venus 
Diamond) exposed to aggressive staining solutions (coffee and tea) over time. The baseline 
value measured and specimens were immersed in beverages for 30days and values 
measured by spectrophotometer .He concluded staining solutions were significant factors 
that affect colour stability of composite resins. Within the limitations of the study, Venus 
Diamond was found the most colour stable in tea, while Ceram X was shown the most 
colour stable in coffee. 
Taskinsel et al (2014)[94] studied to evaluate the effects of two sports beverages 
(Powerade and Buzzer) on colour stability of two different types of resin composites 
(Clearfil-APX and Cavex Quadrant Universal-LC) polished with different composite 
polishing systems. About 96 disk-shaped specimens made from two different resin 
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composites were first stored in distilled water for 24 hours.The baseline colour value and 
experimental value were measured by colorimeter according to CIE L* a* b* scale . The 
highest level of the mean colour change was observed in the Clearfil APX specimens 
immersed in Powerade. They concluded that discolouration in resin composites could 
occur after seven days of exposure to sport beverages. 
Abdallah M N et al (2014)[1] from their research developed a composite resin 
disclosing agent based on the understanding of tooth and composite staining mechanisms. 
They determined the elemental composition by using X-ray photoelectron spectroscopy 
and color value measured by spectrophotometer. They concluded hydrophobic surface of 
dental enamel and composite resin might explain their high affinity to be stained by food 
and beverages containing hydrophobic molecules and also the composite resin is more 
stainable by hydrophobic dyes than dental enamel.  
Hotwani K et al (2014)[51] aimed to evaluate and compare the colour stability of 
two hybrid tooth-coloured restorative materials, namely, resin-modified glass ionomer 
cement (GC Fuji II LC Capsules - GC Corporation, Tokyo, Japan) and giomer (Beautifil 
II - Shofu Inc, Kyoto, Japan) when subjected to immersion in various children's   beverages. 
They used to study colour value by spectrophotometer according to CIELAB colour space. 
The results indicated that giomer specimens exhibited less colour change as compared to 
RMGIC specimens indicating better colour stability. The maximum colour changes were 
found with the use of coke for a period of 4 weeks. 
Stawarczyk B et al (2015)[90] evaluated the mechanical and optical behaviour of 
current esthetic dental restorative CAD/CAM composites using spectrophotometer 
analysis. They concluded that CAD/CAM composite present moderate flexural strength, 
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high translucency and antagonist friendly behaviour. Glass ceramic demonstrated the most 
favourable discolouration rate and lowest two bodies wear on the material side. 
Tekçe N et al (2015)[95] investigated the effect of three different drinks (Black tea, 
coca-colo, water) on the colour parameters of four different restorative materials (Filtek 
Ultimate Universal Restorative, Filtek Ultimate Flowable, and Filtek Silorane, 3M ESPE, 
Dentsply DeTrey GmbH). All specimens baseline value were measured by using CIE L* 
a* b* colour system  and specimens kept under beverages for 1hr and three times a day for 
30 days. He concluded the compomers displayed unacceptable colour changes at the end 
of 30 day in all beverages and among resin composites, the silorane based composite 
exhibited relatively good colour stability than the others. 
              Salahalddin M et al (2015)[11] studied the effect of four different drinks (Tea, 
Coffee, Cola, Distilled water) on the colour of a microfilled composite resin (Tetric A1, 
Ivoclar Vivadent) light cure after immersion in the different drinks. They evaluated the 
color changes at baseline and at 1 week after immersion in each solution by using a digital 
spectrophotometer. He concluded Cola has the higher effect, and then Coffee .While Tea 
has least effect. 
              Madhyastha P S et al (2015)[61] evaluated the discoloration properties of a 
silorane-based (Filtek P90) and methacrylate-based (Z100) composites upon exposure to 
different staining solutions that are used on day to day basis (turmeric, tea, coffee, cocoa, 
lime, yoghurt and distilled water) for different immersion periods (1, 7, 14 and 28 
days).They studied the colors of all specimens before and after storage in the solutions by 
a reflectance spectrophotometer based on CIE Lab system. They concluded among the 
staining agents cocoa was found to be least staining followed by lime, yoghurt, coffee, tea 
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whereas turmeric discolored the composites to the maximum. Highest discoloration was 
seen at day 28 in all staining agents. 
             Abuelenain D A et al (2015)[3] studied to investigate the compressive and flexure 
properties as well as surface hardness, hardness ratio (as an indication of bottom to top 
conversion ratio) and roughness of six different commercially available dental composites 
(Filtek Z250, 350 XT, P90, Tetric-N-Ceram and Tetric Bulk fill and IPS Impress Direct) 
They concluded for high stress bearing applications, the materials of choice would be Filtek 
Z250 and Z350 XT. With low stress-bearing applications when a high resiliency and 
flexibility are required IPS Empress and Tetric N-Ceram could be the material of choice. 
Denis Roberto Falcão Spina et al (2015)[89] studied the discoloration effects of 
water, cola-based soft drink, coffee, and wine on different resin composites (Microfilled , 
Nanohybrid ,Microhybrid), used in restorative dentistry and the possibility of removing the 
stain with chair side manual polishing. A spectrophotometer was used to measure the 
baseline CIELAB color parameters. Then samples immersed in cola, coffee, and wine in 
one hour per day for 30 days. They concluded that wine solution gave the most staining 
and Luna resin composite showed a significantly higher colour change as compared to the 
other resins investigated. For the drink solution, wine showed more color change followed 
by coffee, cola and water. After manual polishing colors improved towards baseline values 
in all samples tested indicating that beverage induced color change in composites is a 
surface and subsurface phenomenon. 
Manojlovic et al (2015)[65] from their study of evaluation of staining- dependent 
colour changes in resin composites using principal component analysis concluded that, the 
species responsible for staining resin composites are tannins (tea), melanoidins (coffee), 
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anthocyanes (red wine) and sulphite ammonia caramel (Coca Cola). Overall results showed 
that coca-cola caused colour change that was just above the perception limit. Whereas, tea, 
coffee and red wine produced high color changes (4.31, 6.61 and 6.22 respectively) 
according to CIELAB spectrophotometric study. 
Tanthanuch S et al (2016)[92] studied to evaluate the effect of red and white wine 
on colour changes of nanofilled and nanohybrid resin composite using spectrophotometer. 
They used sixty specimens of each composite which were immersed in red, white wine, 
and deionized water for twenty five minutes; then stored in artificial saliva and the process 
was repeated for two days. They concluded red wine caused significantly higher colour 
change than did white wine and deionized water. Nanohybrid resin composites had 
significantly more colour changes than nanofilled resin composite. 
Fontes ST et al (2016)[44] studied to evaluate the colour stability of a nanofill 
composite resin (Filtek Z350) in different immersion media (coffee, yerba mate, grape 
juice or water) using digital spectrophotometer. After 1-week of immersion, a perceptive 
colour change happened for the group stored in the grape juice compared to baseline value. 
He concluded nanofill resin-based composite was susceptible to staining by substances 
present in the grape juice. 
Miotti LL et al (2016)[67] studied to evaluate if different immersion (partial 
immersion and total immersion) methods and surface treatments influence the color 
stability of resin-based specimens. The colour value measured by spectrophotometer and 
he concluded specimens submitted to partial immersion showed lower values of ΔE*, ΔL*, 
Δa*, Δb*, in comparison to total immersion (P = 0.000).  
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Yan-Fang Ren et al (2016)[83] studied the colour stability of dental composite 
resins using a thermocycling stain challenge model accounting for the complex effects of 
oral environment and tooth brushing. They used composite resin discs made from TPH3, 
Filtek Supreme Ultra (FiltekSU), and Renameland and subjected them to thermocycling 
challenges in warm coffee, cold tea and fruit juice mixtures and colour was assessed in the 
CIELAB colour space using a Crystal eye dental spectrophotometer. They concluded that 
colour stability of FiltekSU is inferior to that of TPH3 and Renamel. They suggested that 
the thermocycling stain challenge model can potentially differentiate surface staining that 
can be removed by brushing from true discolouration of the material that is refractory to 
oral hygiene procedures. 
       Llena et al (2016)[60] compared color stability of two nanohybrid resin-based 
composites(Grandioso(GR), Esthet X(EX)), two ormocers (Dyract EXTRA(DY),Cerom X 
duo(CX)) and compomer (Admira Fusion) , following their immersion in four usual 
drinks(red wine, coffee, cola ,distilled water). The specimens tested and colour value 
recorded according to the CIE L*a* b* scale. All the staining solutions produced darkening 
beyond clinically acceptable limits and EX and CX showed less colour staining. 
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MATERIAL AND METHODS 
ARMAMENTARIUM (Fig. 1) 
1) Polytetraflouro ethylene rings (PTFE rings/Teflon rings-2mm thickness, 20mm 
diameter) 
2) Glass slabs 
3) Teflon coated plastic instrument (GDC, INDIA) 
4) Cling wrap PVC 
5) Stainless steel plates 
6) Tissue paper 
7) 200ml glass beaker  
8) Plastic stirrer 
EQUIPMENT: 
1. SPECTROPHOTOMETER (Cary series UV-Vis NIR spectrophotometer) (Fig. 3) 
2. LED light curing unit (Radii, SDI, Bayswater VC, Australia) (Fig. 2) 
MATERIALS: 
Materials used in this study 
I. Polofil NHT – A2 shade (VOCO) (Fig. 5) 
II. Filtek Z350XT – A2 shade(3M ESPE) (Fig. 6) 
III. Tetric N-Ceram – A2 shade (IVOCLAR) (Fig. 7) 
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EXPERIMENTAL 
MATERIALS 
COMPOSITION 
MANUFACTURER 
POLOFIL NHT  
Methacrylate based(Bis-
GMA, TEGDMA, 
UDMA) 
VOCO COMPANY 
(GERMANY) 
FILTEK Z350XT 
Bis-GMA,UDMA, 
TEGDMA,PEGDMA, and 
bis-EMA. 
Fillers –combination of a 
non- agglomerated/non-
aggregated 20 nm silica, 
non-agglomerated non-
aggregated 4-11 nm 
zirconia filler , an 
aggregated zirconia/silica 
cluster filler (comprised 
20nm silica and 4 to 11 
nm zirconia Particles) 
3M ESPE(USA) 
TETRIC N-
CERAM 
Dimethacrylates(19%-20 
wt%) 
Fillers contain barium 
glass, ytterbium 
trifluoride, mixed oxide 
and copolymers(80-81%)  
Additives, Catalyst, 
stabilizers and pigments(1 
wt%) 
IVOCLAR(LIECHTENSTEIN) 
 
Beverages used in this study are 
I) Coffee  (Hindustan unilever ltd, Maharashtra) 
II) Tea (Hindustan unilever ltd, Maharashtra) 
III) Coca cola   (Hindustan cola-cola beverages PVT Ltd). 
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BEVERAGES COMPOSITION MANUFACTURER 
BRU INSTANT 
Caffeine, melonoides, 
chlorogenic acids , N-
methylpyridinium , 
diterpenes (cafestol and 
kahweol), other 
components acrylamide, 
furan, ochratoxin A 
HINDUSTAN UNILEVER 
LTD(MAHARASTRA) 
TAJ MAHAL TEA 
BAGS 
Polyphenols, tannins , flour, 
selenium , zinc, carotenes, 
glycosides, caffeine 
HINDUSTAN UNILEVER 
LTD(MAHARASTRA) 
COCA-COLA 
Carbonated water, sugar 
,acidity regulator, caffeine 
with natural colouring 
agents 
HINDUSTAN COLA-
COLA BEVARAGES PVT 
LTD, THIRUVALLUR 
DIST. 
 
METHODOLOGY: 
SPECIMEN SELECTION: 
Teflon rings: The sizes of 2 mm thickness and 20mm diameter of teflon rings were 
chosen. A sample smaller than this dimension makes spectrophotometric testing difficult 
and a larger size carries no additional advantage in getting accurate results. A total of 90 
rings acquired from Flow Zeal Control, Perungudi, Chennai. Thirty (30) rings for each 
composite group were segregated. The protocol is to evaluate the baseline readings 
before exposing the samples to beverages and to analyze the color change after exposing 
all the samples to corresponding beverages by spectrophotometric analysis. The Teflon 
rings inspected for smoothness individually. Defective rings replaced with rings of 
uniform smoothness and dimensions 
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SPECIMEN PREPARATION: 
Ninety discs (2mm thickness, 20mm diameter) were made in total by inserting the 
composites into the mould. A polyester strip was pressed onto the mould surface with the 
glass plate in order to obtain a flat surface without bubble formation. Another glass slab 
with polyester strip placed over the mould. When the mould got squeezed, the excess 
composite was removed; uniform density and bubble free surface was obtained. Each 
specimen was exposed to blue light and polymerized for 20 seconds from each sides 
using a LED source (Radii,SDI). It has the power density of 1400 mW/cm2, 440- 480nm 
wavelength). The light source fixed at a distance of 1mm from each specimen. A uniform 
light intensity mode was used for all specimen. To prevent variations in intensity, the 
light curing unit was charged for 2 minutes after every 80 seconds of exposure. 
SPECIMEN SEGREGATION: 
Group I POLOFIL NHT 30SPECIMEN 
Group II FILTEK Z350 30 SPECIMEN 
Group III TETRIC N-CERAM 30 SPECIMEN 
 
The baseline colour values of all the 90 specimens were measured before exposing them 
to beverages reflectance spectrophotometer. The values were taken as L1,  a1 and b1. 
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The samples were immersed into the beverages as follows 
 
Subgroup A 
COFFEE 
Subgroup B 
TEA 
Subgroup C 
COCA COLA 
Group I n=10 n=10 n=10 
Group II n=10 n=10 n=10 
Group III n=10 n=10 n=10 
 
Subgroup A (Fig. 9): 
The coffee was prepared by dissolving 8.5 gm of instant coffee powder in 200 ml of 
boiled distilled water. After 10 min of stirring, the solution was filtered through a filter 
paper. 10 specimen from each group were immersed in the prepared solution in stainless 
steel plate. 
Subgroup B (Fig. 10): 
The tea solution was prepared by immersing one prefabricated pack of tea into 200 ml of 
boiled distilled water. After 10 min of stirring, the solution was filtered through a filter 
paper. 10 specimen from each group were immersed in the prepared solution in stainless 
steel plate. 
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Subgroup C (Fig. 11): 
 About 200ml of Coca cola was taken in the stainless plate and 10 specimens from each 
group were immersed in the solution.  
The specimens from subgroups A, B and C were stored in their respective solutions for 
24 hours at 37◦ C. After 24 hours of storage, the specimens were rinsed with distilled 
water for 5 minutes. 
After rinsing, the specimens were blotted dry with tissue paper before placing them again 
in a freshly prepared solutions. The procedure of renewing the solution and rinsing the 
specimens were repeated daily for total of 7 days. 
Measurement of color: 
Colour changes (ΔE) were measured objectively by a reflectance spectrophotometer, to 
potentially eliminate the subjective errors of colour assessment. 
To measure chromatic differences, the Standard Commission International de L’ 
Eclairage (CIELab) colour system was used. It quantifies colour in terms of three 
coordinate values L*, a* and b*. 
 L* represents either brightness or lightness (value), a* and b* serve as numeric, 
correlates both for hue and chroma on green-red axis and blue-yellow axis respectively.  
The baseline value 90 samples were measured as L1, a1, b1. 
The colour values after exposure to beverages were measured as L2, a2, b2.                                                   
The magnitude of colour difference perceived between two objects is calculated by 
formula  
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ΔE = (ΔL2 + Δb2 + Δa2)½ 
Where, 
∆L = L1 – L2  
(L1 = unexposed specimen and L2 = same specimen exposed to beverage) 
∆b = b1 – b2 
∆a = a1 – a2 
Before each measurement session, the instrument was calibrated according to the 
manufacturer instruction by using the supplied white calibration standard. Colour was 
then measured according to CIELab colour scale. D50 standard illuminant from a 
tungsten lamp was used with a viewing angle of 2º. UV filter was positioned to 100% 
UV. Colour measurements were made in three randomly selected areas for each specimen 
and average of three reading was recorded. The mean and standard deviation were 
calculated. 
The values are tabulated and statistically analysed by one way ANOVA and 
TUKEY HSD (Honest Significant Difference) using software program SPSS version 
16.0. 
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PROCEDURAL FLOW CHART 
 
 
 
Group I (POLO FIL) 
n=30 
 
Group II (FILTEK Z350) 
n=30 
Group III(TETRIC N CERAM) 
n=30 
90 SPECIMENS 
SPECTROPHOTOMETRIC ANALYSIS FOR BASELINE VALUES 
 
EXPOSURE TO BEVERAGES FOR 7 DAYS 
COCA COLA (SUB GROUP C) 
n=30 
TEA (SUB GROUP B) 
n=30 
COFFEE (SUB GROUP A) 
n=30 
I (A) 
n=10 
II (A) 
n=10 
 
III (A) 
n=10 
 
I (B) 
n=10 
 
II (B) 
n=10 
 
III (B) 
n=10 
 
I (C) 
n=10 
 
II (C) 
n=10 
 
III (C) 
n=10 
 
SPECTROPHOTOMETRIC ANALYSIS FOR COLOUR CHANGE 
USING ∆E 
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ARMAMENTARIUM 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                      
Fig.2.LED LIGHT CURING 
UNIT (RADII, SDI) 
Fig.3.SPECTROPHOTOMETER 
 
Fig.1.ARMAMENTARIUM 
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MATERIALS USED IN THIS STUDY 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
        Fig.4. BEVERAGES 
( TEA,COFFEE,COCA-COLA) 
 Fig.5. GROUP I – POLOFIL NHT 
Fig.6. GROUP II – FILTEK Z350 
 
Fig.7. GROUP III – TETRIC N-CERAM 
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Fig.9. SUB GROUP A - COFFEE 
 
   Fig.10. SUB GROUP B - TEA
 
   Fig.11. SUB GROUP C- COCA COLA 
Fig.8. LIGHT CURING OF SAMPLES 
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Fig.12.EXPERIMENT MATERIALS AND SPECIMEN WITH BEVERAGES 
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RESULTS 
INFERENCES: 
INTERGROUP ANALYSIS: 
Group I –POLOFIL showed high staining values than Group III and less staining values  
than Group II which were statistically significant (p= 0.000). 
GROUP II – FILTEK Z350 showed highest staining values than other two groups 
(GroupI, Group II) which were statistically significant(p= 0.004). 
GROUP III – TERTIC N CERAM showed lowest staining than other two groups (Group 
II , Group III) which were statistically significant.  
 
INTRA GROUP ANALYSIS - COMPOSITES 
POLOFIL(GROUP I) : Intra group analysis with respect to POLOFIL NHT, the 
differences in staining potential between tea Vs Coffee was statistically insignificant with 
p=0.414. whereas, differences in tea Vs Coca cola, and Coffee Vs Coca cola were 
statistically significant with p values 0.003 and 0.0001 respectively. 
FILTEK Z350:  Intra group analysis revealed statistically significant differences in Coca 
cola Vs Coffee and tea Vs Coffee with p=0.004 and p=0.029 respectively. No significant 
difference seen in tea Vs Coca cola group (p=0.683). 
TETRIC N CERAM:  Intra group analysis in TETRIC N CERAM revealed no 
statistically significant differences in tea Vs Coca cola with p=0.953. But highly 
Group II > Group I >GroupIII 
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significant differences seen in Coffee Vs tea (p=0.0001) and Coffee Vs Coca cola 
(p=0.0001). 
INTRA GROUP ANALYSIS – BEVERAGES: 
COFFEE: 
The difference in staining potential between Polofil Vs Filtek (p=0.003), Filtek Vs Tetric 
(p=0.0001) were found to be statistically significant. Whereas difference in staining 
potential in Polofil Vs Tetric was not to be statistically significant (p=0.730). 
TEA: 
The difference in staining potential not found to be statistically significant between 
Polofil and Filtek (p=0.607).whereas the difference in staining potential in Polofil Vs 
Tetric, Filtek Vs Tetric were found to be highly significant (p=0.0001). 
COCA COLA: 
The difference in staining potential between Polofil Vs Tetric (p=0.397) and Polofil Vs 
Filtek (p=0.116) were not found to be statistically significant. Whereas, Tetric Vs Filtek 
(p=0.006) is statistically significant. 
STATISTICAL ANALYSIS: 
The statistical analysis was done using the computer software program SPSS version 16.0 
(Statistical package for social science version 16). Data is expressed as mean ± standard 
deviation of the parameters evaluated. In the three groups [Polofil NHT(group I), Filtek 
Z350 (groupII), Tetric N-ceram (group III)], the staining were evaluated for Coffee, Tea 
and Coca cola. 
Results 
 
35 
 
One-way analysis of variance was employed to compare the mean scores between 
different study groups. Also Tukey’s “Honestly Significant differences” was employed to 
identify the significant groups, if the test of significance in One-Way ANOVA is 
significant. In all the above statistical tools, the probability value p ≤ 0.05 was considered 
as significant. 
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TABLE I- POLOFIL VALUES BEFORE AND AFTER EXPOSURE TO 
COFFEE WITH ∆E 
 
 GROUP I POLOFIL BASE LINE 
VALUES 
GROUP I POLOFIL-SUB GROUP A WITH 
COFFEE 
Specimen L1 a1 b1 L2 a2 b2 ∆𝑬 
1 75.556 0.222 8.276 69.956 −0.024 11.460 7.48 
2 76.001 0.246 8.321 69.641 0.001 12.307 7.51 
3 75.525 0.232 8.276 70.030 −0.142 11.458 6.22 
4 75.565 0.244 8.278 69.847 −0.512 14.067 8.17 
5 75.496 0.236 8.326 73.312 −0.054 11.235 3.65 
6 75.500 0.212 8.355 70.085 −0.036 12.156 6.62 
7 75.536 0.246 8.356 68.436 −0.024 11.586 7.81 
8 76.100 0.236 8.349 68.436 −0.146 12.368 7.79 
9 75.636 0.224 8.411 68.436 −0.056 12.212 7.12 
10 75.436 0.242 8.267 69.776 −0.049 11.687 6.62 
 
TOTAL ∆E FOR POLOFIL COFFEE = 69.03         MEAN = 69.03/10 = 6.903 
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TABLE II- POLOFIL VALUES BEFORE AND AFTER EXPOSURE TO TEA 
WITH ∆E 
 
 GROUP I POLOFIL BASE LINE 
VALUES 
GROUP I POLOFIL-SUB GROUP B WITH 
TEA 
Specimen L1 a1 b1 L2 a2 b2 ∆𝑬 
1 75.557 0.212 8.274 73.681 −0.221 13.096 5.19 
2 75.557 0.232 8.476 73.681 −0.221 13.096 5.19 
3 76.552 0.281 8.572 73.107 0.022 11.399 5.69 
4 75.881 0.246 8.506 72.990 0.178 14.172 4.09 
5 76.001 0.284 8.381 72.958 0.478 15.960 6.54 
6 75.682 0.222 8.475 73.861 0.176 14.186 7.70 
7 75.559 0.248 8.321 72.112 0.326 13.296 6.80 
8 76.002 0.261 8.347 73.782 −0.234 14.178 5.45 
9 75.681 0.212 8.436 72.127 −0.228 14.174 6.77 
10 75.443 0.236 8.511 72.976 −0.232 13.236 6.21 
 
TOTAL ∆E FOR POLOFIL TEA = 59.63            MEAN OF ∆E = 59.63/10 = 5.963 
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TABLE III- POLOFIL VALUES BEFORE AND AFTER EXPOSURE TO 
COCA COLA WITH ∆E 
 
 GROUP I POLOFIL BASE LINE 
VALUES 
GROUP I POLOFIL-SUB GROUP C WITH 
COCA COLA 
Specimen L1 a1 b1 L2 a2 b2 ∆𝑬 
1 75.557 0.212 8.274 67.699 −0.439 8.250 7.88 
2 75.525 0.232 8.278 73.689 −0.064 8.602 1.89 
3 75.520 0.226 8.302 73.689 −0.064 8.602 1.88 
4 75.501 0.218 8.178 74.698 −0.334 9.943 2.02 
5 75.575 0.224 8.256 73.686 −0.038 9.287 2.17 
6 75.520 0.216 8.270 73.420 −0.083 8.652 2.16 
7 76.000 0.246 8.304 73.782 −0.330 9.932 2.81 
8 75.825 0.228 8.276 68.676 −0.432 9.180 7.24 
9 75.726 0.241 8.324 73.186 −0.437 8.662 2.65 
10 75.728 0.228 8.326 73.589 −0.425 8.753 2.28 
 
POLOFIL ∆E FOR COCA COLA = 32.98 MEAN OF ∆E = 32.98/10=3.298 
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TABLE IV - FILTEK Z350 VALUES BEFORE AND AFTER TO COFFEE 
WITH ∆𝑬 
 
 GROUP II FILTEK Z350 BASE 
LINE VALUES 
GROUP II FILTEK Z350 -SUB GROUP A 
WITH COFFEE 
Specimen L1 a1 b1 L2 a2 b2 ∆𝑬 
1 75.565 0.622 10.950 73.217 1.906 18.893 8.38 
2 76.001 0.539 10.654 70.645 1.892 16.239 7.86 
3 75.782 0.628 10.821 68.143 1.723 18.289 10.74 
4 75.112 0.546 10.936 72.161 2.535 19.702 10.26 
5 75.912 0.569 10.945 68.065 0.938 19.702 11.76 
6 74.982 0.666 10.948 69.064 1.428 16.594 8.21 
7 76.005 0.686 10.695 68.268 1.492 16.692 9.82 
8 75.965 0.641 10.598 70.868 0.968 16.784 8.02 
9 75.895 0.610 10.899 70.821 0.935 18.828 9.42 
10 75.842 0.598 10.632 70.687 0.836 16.642 7.92 
 
TOTAL ∆𝐸 FOR FILTEK Z350 =92.34                MEAN OF ∆𝐸 = 92.34/10=9.234 
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TABLE V - FILTEK Z350 VALUES BEFORE AND AFTER EXPOSURE TO 
TEA WITH ∆E 
 
 GROUP II FILTEK Z350 BASE 
LINE VALUES 
GROUP II FILTEK Z350 -SUB GROUP B 
WITH TEA 
Specimen L1 a1 b1 L2 a2 b2 ∆𝑬 
1 75.565 0.622 10.950 78.217 8.675 18.675 8.17 
2 75.076 0.539 10.654 77.834 −0.597 16.275 6.36 
3 75.120 0.510 10.989 78.328 −0.597 13.524 4.16 
4 74.528 0.646 10.101 78.457 −0.145 12.172 4.51 
5 74.656 0.522 10.102 77.676 −0.523 16.808 7.43 
6 75.140 0.496 10.223 77,420 −0.492 16.472 6.72 
7 74.110 0.490 10.165 78.620 0.626 16.565 7.83 
8 75.456 0.510 10.672 77.112 −0.468 16.962 6.50 
9 74.756 0.620 10.922 78.234 −0.521 16.571 6.88 
10 75.765 0.657 10.832 77.632 −0.426 16.298 5.88 
 
TOTAL ∆E FOR 3M TEA = 64.44                       MEAN OF ∆E = 6.444 
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TABLE VI -FILTEK Z350 VALUES BEFORE AND AFTER EXPOSURE TO 
COCA COLA WITH ∆E 
 
 GROUP II FILTEK Z350 BASE 
LINE VALUES 
GROUP II FILTEK Z350 -SUB GROUP C 
WITH COCA COLA 
Specimen L1 a1 b1 L2 a2 b2 ∆𝑬 
1 75.565 0.624 10.950 79.436 0.943 11.008 0.93 
2 78.076 0.539 10.650 75.085 0.895 12.576 3.58 
3 78.176 0.622 10.821 77.141 0.831 12.168 1.71 
4 77.601 0.612 10.732 76.267 0.197 9.907 1.62 
5 78.276 0.632 10.948 71.044 1.106 11.132 7.25 
6 77.672 0.626 10.382 70.645 1.006 11.482 7.12 
7 78.372 0.598 10.742 71.044 1.092 11.422 7.38 
8 78.471 0.616 10.681 70.645 0.989 11.282 7.86 
9 79.925 0.641 10.732 68.183 0.868 11.455 11.77 
10 77.028 0.662 10.832 70.542 0.921 11.611 6.663 
 
TOTAL ∆E FOR 3M COCA COLA = 55.85             
MEAN OF ∆E = 55.85/10 = 5.585 
 
 
 
 
 
 
 
Results 
 
42 
 
 
 
TABLE VII - TETRIC N CERAM VALUES BEFORE AND AFTER 
EXPOSURE TO COFFEE WITH ∆E 
 
 GROUP III TETRIC N CERAM 
BASE LINE VALUES 
GROUP III TETRIC N CERAM- 
SUB GROUP A WITH COFFEE 
Specimen L1 a1 b1 L2 a2 b2 ∆𝑬 
1 74.790 0.845 9.562 73.353 0.705 85.555 5.69 
2 73.997 0.727 9.727 71.921 1.508 19.402 9.93 
3 74.965 0.881 9.832 70.412 0.742 13.947 6.14 
4 74.821 0.796 10.001 70.818 0.725 12.587 4.77 
5 74.226 0.888 9.998 70.002 0.823 14.770 6.37 
6 73.823 0.836 10.236 74.002 0.836 15.722 5.49 
7 74.001 0.882 9.429 75.086 0.912 15.822 6.48 
8 73.921 0.843 9.991 75.216 0.929 18.426 8.51 
9 74.556 0.841 10.101 75.412 0.936 15.282 5.25 
10 74.436 0.801 10.008 0.981 0.981 15.486 5.50 
 
TOTAL ∆𝐸 FOR TETRIC COFFEE = 64.13                        MEAN OF ∆𝐸 = 64.13/10 = 6.413 
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TABLE VIII - TETRIC N CERAM VALUES BEFORE AND AFTER 
EXPOSURE TO TEA WITH ∆E 
 
 GROUP III TETRIC N CERAM 
BASE LINE VALUES 
GROUP III TETRIC N CERAM -SUB 
GROUP B WITH TEA 
Specimen L1 a1 b1 L2 a2 b2 ∆𝑬 
1 74.998 0.802 9.612 72.149 0.201 9.353 2.92 
2 73.912 0.841 9.841 72.669 0.179 13.348 3.78 
3 74.613 0.822 10.121 72.840 0.080 9.413 2.05 
4 74.281 0.836 10.146 72.307 −0.074 9.562 2.25 
5 73.232 0.828 9.981 74.030 0.012 9.073 1.46 
6 74.638 0.838 9.436 76.001 0.923 9.036 1.42 
7 73.118 0.841 9.582 75.998 1.416 9.038 2.99 
8 74.918 0.881 9.832 74.528 1.521 9.122 1.03 
9 74.936 0.796 9.443 74.496 1.003 10.126 0.84 
10 73.816 0.729 9.986 74.992 1.118 10.222 1.26 
 
TOTAL ∆𝐸 FOR TETRIC TEA = 20                       MEAN OF ∆𝐸 = 20/10= 2 
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TABLE IX - TETRIC N CERAM VALUES BEFORE AND AFTER 
EXPOSURE TO COCA COLA WITH ∆E 
 
 GROUP III TETRIC N CERAM 
BASE LINE VALUES 
GROUP III TETRIC N CERAM -SUB 
GROUP C WITH COCA COLA 
Specimen L1 a1 b1 L2 a2 b2 ∆𝑬 
1 74.942 0.862 9.542 76.790 0.597 9.730 1.88 
2 73.992 0.761 9.581 77.572 0.330 9.238 3.64 
3 73.816 0.832 9.723 76.179 1.615 9.520 2.49 
4 73.845 0.822 9.823 74.619 0.740 10.142 0.84 
5 74.102 0.845 9.642 74.223 0.992 9.179 0.50 
6 73.751 0.792 9.812 75.591 0.845 10.236 1.69 
7 73.956 0.846 9.744 75.602 0.892 10.112 1.69 
8 73.882 0.872 9.766 76.692 0.992 9.992 2.82 
9 73.960 0.832 9.632 76.326 1.032 9.981 2.41 
10 74.812 0.836 9.882 75.126 1.082 9.896 0.40 
 
TOTAL ∆𝐸 FOR COCA COLA = 18.35                           MEAN ∆𝐸 = 18.35/10 = 1.835 
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TABLE X – DESCRIPTIVE TABLE SHOWING MEAN, STANDARD 
DEVIATION, STANDARD ERROR AND CONFIDENCE LEVEL AMONG 
COMPOSITES 
 
 
  
N Mean 
Std. 
Deviation 
Std. Error 
95% Confidence 
Interval for Mean 
Minimum Maximum 
  Lower 
Bound 
Upper 
Bound 
POLOFIL Tea 10 5.9630 1.04370 .33005 5.2164 6.7096 4.09 7.70 
Coffee 10 6.8990 1.29836 .41058 5.9702 7.8278 3.65 8.17 
Coca 
Cola 
10 3.2980 2.27113 .71819 1.6733 4.9227 1.88 7.88 
Total 30 5.3867 2.20670 .40289 4.5627 6.2107 1.88 8.17 
FILTEK   
Z350 
Tea 10 6.4440 1.30911 .41398 5.5075 7.3805 4.16 8.17 
Coffee 10 9.2390 1.37216 .43391 8.2574 10.2206 7.86 11.76 
Coca 
Cola 
10 5.5850 3.48486 1.10201 3.0921 8.0779 .93 11.77 
Total 30 7.0893 2.72076 .49674 6.0734 8.1053 .93 11.77 
TETRIC 
N 
CERAM 
Tea 10 2.0000 .97308 .30772 1.3039 2.6961 .84 3.78 
Coffee 10 6.4130 1.60235 .50671 5.2667 7.5593 4.77 9.93 
Coca 
Cola 
10 1.8360 1.04687 .33105 1.0871 2.5849 .40 3.64 
Total 30 3.4163 2.46582 .45020 2.4956 4.3371 .40 9.93 
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TABLE XI – DESCRIPTIVE TABLE SHOWING MEAN, STANDARD 
DEVIATION, STANDARD ERROR AND CONFIDENCE LEVEL AMONG 
BEVERAGES 
 
Descriptives 
  
N Mean 
Std. 
Deviation 
Std. 
Error 
95% Confidence 
Interval for 
Mean 
Minimum Maximum 
  Lower 
Bound 
Upper 
Bound 
Tea POLOFIL 10 5.9630 1.04370 .33005 5.2164 6.7096 4.09 7.70 
FILTEK   
Z350 
10 6.4440 1.30911 .41398 5.5075 7.3805 4.16 8.17 
TETRIC N 
CERAM 
10 2.0000 .97308 .30772 1.3039 2.6961 .84 3.78 
Total 30 4.8023 2.29469 .41895 3.9455 5.6592 .84 8.17 
Coffee POLOFIL 10 6.8990 1.29836 .41058 5.9702 7.8278 3.65 8.17 
FILTEK   
Z350 
10 9.2390 1.37216 .43391 8.2574 10.2206 7.86 11.76 
TETRIC N 
CERAM 
10 6.4130 1.60235 .50671 5.2667 7.5593 4.77 9.93 
Total 30 7.5170 1.86515 .34053 6.8205 8.2135 3.65 11.76 
Coca 
cola 
POLOFIL 10 3.2980 2.27113 .71819 1.6733 4.9227 1.88 7.88 
FILTEK   
Z350 
10 5.5850 3.48486 1.10201 3.0921 8.0779 .93 11.77 
TETRIC N 
CERAM 
10 1.8360 1.04687 .33105 1.0871 2.5849 .40 3.64 
Total 30 3.5730 2.85870 .52193 2.5055 4.6405 .40 11.77 
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TABLE XII – ONE–WAY ANOVA ANALYSIS FOR COMPARISON AMONG 
DIFFERENT GROUPS OF COMPOSITES 
 
 
 Sum of Squares df Mean Square F Sig. 
POLOFIL 69.818 2 34.909 13.201 .000 
FILTEK   
Z350 
73.005 2 36.503 6.957 .004 
TETRIC N 
CERAM 
134.835 2 67.417 43.869 .000 
All three groups are statistically significant 
 
 
 
TABLES XIII – ONE-WAY ANOVA ANALYSIS FOR COMPARISON 
AMONG DIFFERENT GROUPS OF BEVERAGES 
 
 
 
Sum of Squares df Mean Square F Sig. 
Tea 118.953 2 59.476 47.582 .000 
Coffee 45.660 2 22.830 11.162 .000 
Coca cola 71.409 2 35.705 5.822 .008 
All three groups are statistically significant 
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TABLE XIV – MULTIPLE COMPARISONS USING TUKEY HSD ANALYSIS 
FOR COMPOSITE GROUPS 
 
 
Dependent 
Variable 
(I) 
Groups 
(J) 
Groups 
Mean 
Difference (I-
J) Std. Error Sig. 
95% Confidence Interval 
Lower Bound Upper Bound 
POLOFIL Tea Coffee -.93600 .72724 .414 -2.7391 .8671 
Coca Cola 2.66500* .72724 .003 .8619 4.4681 
Coffee Tea .93600 .72724 .414 -.8671 2.7391 
Coca Cola 3.60100* .72724 .000 1.7979 5.4041 
Coca Cola Tea -2.66500* .72724 .003 -4.4681 -.8619 
Coffee -3.60100* .72724 .000 -5.4041 -1.7979 
FILTEK 
Z350 
Tea Coffee -2.79500* 1.02440 .029 -5.3349 -.2551 
Coca Cola .85900 1.02440 .683 -1.6809 3.3989 
Coffee Tea 2.79500* 1.02440 .029 .2551 5.3349 
Coca Cola 3.65400* 1.02440 .004 1.1141 6.1939 
Coca Cola Tea -.85900 1.02440 .683 -3.3989 1.6809 
Coffee -3.65400* 1.02440 .004 -6.1939 -1.1141 
TETRIC N 
CERAM 
Tea Coffee -4.41300* .55440 .000 -5.7876 -3.0384 
Coca Cola .16400 .55440 .953 -1.2106 1.5386 
Coffee Tea 4.41300* .55440 .000 3.0384 5.7876 
Coca Cola 4.57700* .55440 .000 3.2024 5.9516 
Coca Cola Tea -.16400 .55440 .953 -1.5386 1.2106 
Coffee -4.57700* .55440 .000 -5.9516 -3.2024 
*. The mean difference is significant at the 0.05 level. 
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TABLE XV – MULTIPLE COMPARISONS USING TUKEY HSD ANALYSIS 
FOR BEVERAGES 
 
 
Depende
nt 
Variable 
(I) 
Material
Groups 
(J) 
Materia
lGroups 
Mean 
Difference (I-
J) Std. Error Sig. 
95% Confidence Interval 
Lower Bound 
Upper 
Bound 
Tea 
POLOFIL 
FILTEK 
Z350 
-.48100 .50000 .607 -1.7207 .7587 
TETRIC N 
CERAM 
3.96300* .50000 .000 2.7233 5.2027 
FILTEK 
Z350 
POLOFIL .48100 .50000 .607 -.7587 1.7207 
TETRIC N 
CERAM 
4.44400* .50000 .000 3.2043 5.6837 
TETRIC N 
CERAM 
POLOFIL -3.96300* .50000 .000 -5.2027 -2.7233 
FILTEK 
Z350 
-4.44400* .50000 .000 -5.6837 -3.2043 
Coffee 
POLOFIL 
FILTEK 
Z350 
-2.34000* .63959 .003 -3.9258 -.7542 
TETRIC N 
CERAM 
.48600 .63959 .730 -1.0998 2.0718 
FILTEK 
Z350 
POLOFIL 2.34000* .63959 .003 .7542 3.9258 
TETRIC N 
CERAM 
2.82600* .63959 .000 1.2402 4.4118 
TETRIC N 
CERAM 
POLOFIL -.48600 .63959 .730 -2.0718 1.0998 
FILTEK 
Z350 
-2.82600* .63959 .000 -4.4118 -1.2402 
Coca cola 
POLOFIL 
FILTEK 
Z350 
-2.28700 1.10750 .116 -5.0329 .4589 
TETRIC 1.46200 1.10750 .397 -1.2839 4.2079 
FILTEK 
Z350 
POLOFIL 2.28700 1.10750 .116 -.4589 5.0329 
TETRIC 3.74900* 1.10750 .006 1.0031 6.4949 
TETRIC N 
CERAM 
POLOFIL -1.46200 1.10750 .397 -4.2079 1.2839 
FILTEK 
Z350 
-3.74900* 1.10750 .006 -6.4949 -1.0031 
*. The mean difference is significant at the 0.05 level. 
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TABLE XVI–MEAN AND STANDARD DEVIATION OF COLOUR VALUES 
OF THE COMPOSITE GROUPS AFTER EXPOSURE TO DIFFERENT 
BEVERAGES 
 
  
Group I (Polofil) Group II (Filtek Z350) 
Group III 
(Tetric N ceram) 
Beverage Mean  ± SD Mean  ± SD Mean  ± SD 
Coffee 6.90 1.30 9.24 1.37 6.41 1.60 
Tea 5.96 1.04 6.44 1.31 2.00 0.97 
Coca Cola 3.30 2.27 5.59 3.48 1.84 1.05 
Total 5.39 2.21 7.09 2.72 3.42 2.47 
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GRAPH I: COMPOSITE GROUPS Vs ∆E VALUES 
 
 
 
 
GRAPH II: BEVERAGES Vs  ∆E VALUES 
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DISCUSSION 
             Colour is the property possessed by an object producing different sensations on 
the eye as a result of the way it reflects or emits light.[105] The three factors that determine 
colour of an object are (a) the properties possessed by the object (b) the visual potential 
of the viewer and (c) the quality and quantity of light incident on the object. 
              When light is incident on an object some colours are reflected and some are 
absorbed by the object. Our eyes only see the colours that are reflected. So the reflected 
light from an object determines its colour. For example, sun’s rays contain all the colours 
mixed together. This mixture is white light. When white light strikes a white crayon, it 
appears white to us because it absorbs no colour and reflects all colours equally. A black 
crayon absorbs all colours equally and reflects none. So it looks black to us. While artists 
consider black as a colour, scientists do not because black is the absence of all colour.[56] 
              All light rays contain colour. Light is made of electromagnetic waves. Different 
colours have different wavelengths and the longest wavelength of light is red and the 
shortest is violet. 
              Research reveals that people usually make a subconscious judgment about a 
person, product, or environment within 90 seconds of initial viewing and 62% to 90% of 
that assessment is based on colour alone. (Source: CCICOLOUR – Institute of colour 
research). The colour of teeth is of considerable importance to the general population and 
the social and psychological impact of tooth discolouration is becoming increasingly less 
tolerated. It has been estimated, for example, that 28% of adults in the UK are dissatisfied 
with the appearance of their teeth[81] and that 34% of adults in the USA are similarly 
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dissatisfied [74]. A more recent survey in the UK reported that up to 50% of adults 
perceived that they had some tooth discolouration.[9] Tooth colour is influenced by the 
intrinsic colour of the tooth and by any extrinsic stains that may form on the surface.[6] 
Intrinsic tooth colour is affected by the light-scattering and absorption properties of the 
enamel and dentine of the tooth itself but the enamel plays only a minor role through 
scattering at wavelengths in the blue range.[21] Fluorescence plays no role in tooth 
colour[21]. Stains result from poor dental hygiene and/or diet.[104,56] So the colour of teeth, 
particularly anterior teeth become one of the important factor in determining beauty, self-
esteem and confidence level of an individual. The composite restorations play a vital role 
in bringing and / or restoring, improving a good anterior dental esthetics.  
              Although a skilled operator establish excellent esthetics at the time of placing the 
composite restorations, many studies have noted that this esthetics is short lived. Santos 
et al and Ometa et al reported that colour stability is a property depending on factors such 
as internal reactions of the material and the behavior of the patient regarding to the 
consumption of food containing pigments, poor oral hygiene and use of mouth rinses as 
well as the type of finishing and polishing procedure performed by the dentist. Colour 
stability may be directly related to the different compositions of the resins regarding to 
the variation in size of the particles and in matrix- inorganic filler load ratio. 
              According to Asmussem and Dietschi et al there are three types of composite 
discolouration: (1) intrinsic discolouration, caused by material ageing itself (2) extrinsic 
discolouration, caused by the accumulation of plaque and superficial pigment (3) 
alteration of the surface colour involving superficial degradation or mild penetration and 
reaction of staining agents in the superficial layer of composite resin (absorption). 
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               Intrinsic discolouration was seen predominantly in older composites, which 
exhibited residual unpolymerized monomers and in composites where the bonds between 
fillers – resin matrix were weak. Recent studies showed that the effects of intrinsic 
discolouration are very less in modern fully polymerized composite resin materials due to 
strong silane boding between matrix and fillers.[83] 
              Extrinsic discolouration due to plaque and accumulation of surface pigments can 
be corrected by proper daily oral hygiene measures. So the predominant discolouration 
etiology of composites found to be due to exposure to dietary colourants and chemical 
dyes. When compared to solid foods, liquids have more potential to stain the tooth 
coloured restorations because of the presence of water as a medium of entry, for the 
colourants to gain access into the restorations.[83] 
               Beverage consumption in Indian households steadily increased over the last 
decades as more families are spending on beverages. The growth is across markets and 
across the country. Since India has long summers in most places, coca cola is consumed 
in large amounts in Indian soft drink industry. Coffee and Tea are traditionally seen as 
“work-boosters” and consumed habitually in most places irrespective of the prevailing 
climate in a given area. So the three most popular beverages consumed in India are 
coffee, tea and coca cola which were selected for stainability testing with composites in 
this study. 
               Besides the obvious effects of colourants in beverages and foods, extrinsic 
discolouration are also clearly associated with the chemical, physical and structural 
properties of the composite resin materials. Compositions of the resin matrix affect water 
sorption, solubility, hydrophilicity and microstructures of the composites, which may 
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dictate the long term colour stability of the composite resin restorations.[84, 52, 35] 
Composites that contain mainly the oligomers of bisphenol A glycidyl methacrylate (Bis-
GMA) may exhibit higher hydrophilicity and increased water sorption than those that 
contain mainly urethane dimethacrylate (UDMA). Addition of small amount of 
triethylene glycol dimethacrylate (TEGDMA) into a Bis-GMA based resin matrix may 
significantly increase the water sorption of the composite material.[52] TEGDMA contains 
a central repeating ethoxy group that has high affinity with water molecule through 
hydrogen bonding to oxygen,[35] thus resulting in increased surface hydrophilicity of 
composite materials. Composite resins with high water sorption and hydrophilicity are 
more susceptible to discolouration as colourants are likely absorbed with water into the 
resin matrices. It has also been speculated that the inorganic fillers in the composite 
materials affect colour stability as their size, type, distribution and affinity with resin 
matrix may influence adsorption and absorption of colourants to composite materials.  
These studies suggest that both the organic matrices and inorganic fillers may affect the 
long-term aesthetic outcomes of composite resin restorations. But it is yet to know what 
combinations of resin matrices and fillers constitute ideal composite formulations that 
may allow an optimal aesthetic outcome without compromising the mechanical properties 
necessary for a satisfactory functional outcome. 
Composite discolouration is a result of interactions between external colourants 
and the composite resin materials. The adsorption of external colourants onto the surface 
and the absorption of such into the resin matrices can both cause colour changes and 
compromise the aesthetic outcomes. However, the remedial strategies (treatment 
methods) towards discolouration caused by colourant adsorption on material surfaces can 
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be significantly different from that caused by colourant absorption into the resin matrices. 
Colourants adsorbed on material surfaces may be removed through vigorous home 
hygiene procedures, while colourants absorbed deep into the matrices may require 
replacement of the restorations. 
              Nanotechnology advancements resulted in composites having filler particles 
measuring 0.1 – 100 nm (1nm = 10-9 meters). The distribution of such small fillers made 
high filler weight percentage of upto 79.5% and above is possible in modern composites. 
As the particle size is smaller, resins made with this type of particles give the restorations 
a better finish, which is observed in its surface texture, and the likelihood of the 
material’s biodegrading over time is reduced. This technology has also achieved 
sufficiently competent mechanical properties for the resin to be used in both anterior as 
well as posterior sections of the dentition. The lower particle size also leads to less curing 
shrinkage (less matrix percentage), creates less cusp wall deflection and reduces the 
presence of micro fissures in the enamel edges, which are responsible for marginal 
leakage, colour changes, bacterial penetration and possible post-operative sensitivity. 
              In spite of numerous mechanical advantages, nanofillers cannot be used alone in 
composites because of an optical drawback. Since the particles are so small, they do not 
reflect light. Composites made of 100% nanofillers will be transparent. So they are 
combined with larger sized particles, with an average diameter within visible light 
wavelengths (around or below 1 micrometer) to improve their optical performance and 
act as a substrate.[50] These composites are called nanohybrid composites. The three 
nanohybrid composites used in this study are Polofil (VOCO), Filtek Z350 NT (3M 
ESPE) and Tetric N Ceram (Ivoclar) which are taken as groups I, II and III respectively. 
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              In each group 30 composite specimens were made using polytetraflouroethylene 
rings of 2 mm thickness and 20 mm diameter. 90 discs were made in total by inserting the 
composites into the mold. The entire 90 specimens were subjected to spectrophotometric 
study to quantify their colours objectively. 
                 Colour assessment of teeth has a long history because of the importance of 
colour assessment in the matching of prosthetics. Traditionally, visual colour 
determination is used based on visual comparison of the tooth with colour standards. 
Such colour standards (also known as shade guides) were developed from porcelain 
material to match the available shades of porcelain teeth. However, according to Van der 
Burgt et al. there are three distinct disadvantages with the use of shade guides for colour 
assessment. Firstly, the range of available colours in the shade guides is inadequate and 
the colour samples are not logically distributed.[21] Secondly, there is a lack of 
consistency among and between dentists in using the shade guides to match colours. 
Thirdly, it is not possible to translate the results obtained from shade guides into CIE 
colour specifications. An alternative to visual colour assessment is the use of instrumental 
colour measurement like contact-based colourimeters that can return CIE colour 
coordinates, have been used for the measurement of tooth colour. Seghi (1990) measured 
the repeatability of various spectrophotometers and colourimeters for colour 
measurement in dentistry and found that short-term repeatability was worse for 
translucent samples than for opaque samples. 
              For instrumental colour assessment of teeth the issue of a suitable metric that 
corresponds to perceptual white colour is important. Colourimeters, spectrophotometers, 
spectroradiometers and even camera systems can allow the computation of CIE XYZ or 
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L*a*b*values.[105] But spectrophotometer is advanced of them all with more repeatability 
and accuracy. 
              Spectrophotometry is the quantitative measurement of the reflection or 
transmission properties of a material as a function of wavelength.[29] An UV-Vis-IR 
spectrophotometry refers to absorption or reflectance spectroscopy in the ultraviolet-
visible-infrared wavelength region.(350-830 nm). 
              The spectrophotometer measures the intensity of light reflected from a sample 
(I), compares it to the intensity of light reflected from a reference material (I0).  
REFLECTANCE = I/I0 
Reflectance is usually expressed as percentage. The basic parts of a 
spectrophotometer are a light source, a holder for the sample, a diffraction grating in a 
monochromator or a prism to separate the different wavelengths of light and a detector. 
Samples of UV-Vis-IR spectrophotometry are typically placed in a transparent cell, 
known as cuvette. The most widely applicable cuvettes are made of high quality fused 
silica or quartz glass because these are transparent throughout the ultraviolet, visible and 
near infra-red regions. 
              In the present study, the CIELab system was used for colour measurement. 
According to Okuba S and Kanawati AR, the use of CIELab system is recommended for 
dental purposes.[75] This system characterizes colour based on human perception. It is a 
method developed in 1978 by the Commission Internationale delÉclairage (CIE) for 
characterizing colour. It designates colour according to 3 spatial coordinates – L*, a* and 
b* where, 
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 L represents the brightness (luminosity/value) of a shade, 
 a* represents the amount of red-green colour  
  b* represents the amount of yellow blue colour. 
            L* coordinates are located along the vertical axis that ranges from a value of 0 
(blackest) to 100 (whitest). The a* and b* coordinates revolve on axes around L*. As a* 
becomes more positive in value, the colour is more red and a* more negative in value, the 
colour becomes more green. As b* becomes more positive in value, the colour becomes 
more yellow and b* becomes more negative in value, the colour becomes more blue. All 
90 specimens were studied using spectrophotometer and the values are noted as L1, a 1 
and b 1. Now the specimen were exposed to beverages for 7 days. 
              According to Guler et al, the average time for consumption of 1 cup of coffee is 
15 min, and among coffee drinkers, the average consumption is 3.2 cups per day.[47] 
Therefore, 7 days of storage simulated 6-7 months of coffee consumption. The same can 
be applied for tea and coca cola beverages also. 
              Once the exposure is completed, again the L*, a*, b* values were calculated 
using same calibrated spectrophotometer. Now the change in colour value, taken as ∆E is 
calculated by using the following formula[85] 
                                                ΔE = ([ΔL*]² + [Δa*]² + [Δb*]²) ½ 
Where, ∆L* = L1 the value before exposure – L2 the value after exposure to beverage 
            ∆a* = a1-a2 
            ∆b* = b1-b2 
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              Various studies have reported different thresholds of colour difference values 
above which the colour change is perceptible to the human eye.[71] Values of ∆E between 
0 and 2 are imperceptible, in the range of 2 and 3 were just perceptible, values from 3 to 
8 were moderately perceptible and the values above 8 were markedly perceptible. ∆E 
value of 3.7 or less is considered to be clinically acceptable. 
              The mean and standard deviation estimated from the specimens for each 
subgroup was statistically analyzed. Mean values were compared by one way analysis of 
variance (ANOVA). Multiple range tests by Tukey-HSD procedure employed to identify 
the significant groups at 5% level. The following results were obtained: 
               Among the beverages, coffee created maximum staining in composites followed 
by tea and coca cola. Among the restorative materials tested, Filtek Z350 N underwent 
maximum staining followed by Polofil NHT and Tetric N Ceram. The combinations 
starting with maximum staining and ending with highly resistant to staining are as 
follows –  
Filtek + coffee  > Polofil +coffee > Filtek + tea >Tetric + coffee >Polofil + tea > Filtek + 
coca cola > Polofil + coca cola > Tetric + tea > Tetric + coca cola.  
               The all three composite resins tested in the present study showed unacceptable 
colour changes when stored in coffee. Khokhar et al also verified a strong staining of 
indirect resins after storage in coffee for 48 hours.[58] 
              The staining capacity of coffee on the composites can be justified due to the 
staining susceptibility of composite resins that might be attributed to their degree of water 
sorption and the hydrophilicity of the matrix resin.[71] Composite resins that can absorb 
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water are also able to absorb other fluids with pigments, which results in discolouration. 
It is assumed that water acts as a vehicle for stain penetration into the resin matrix. Water 
sorption occurs mainly as direct absorption in the resin matrix. The glass filler particles 
do not absorb water into the bulk of the material. Therefore, greater amount of resin 
matrix results in greater water sorption and weaker bonding between resin matrix and 
filler particles in the composites.[102] Further water sorption may decrease the durability 
of composite resins by expanding and plasticizing the organic matrix as well as by 
hydrolyzing the silane. The presence of microcracks into the resin matrix as a result of 
swelling and plasticizing effects along with interfacial gaps created between filler and 
resin matrix allow stain penetration and discolouration of the restoration.[27] 
              Study using principal component analysis (PCA), Manojlovic D et al (2015) 
[65]had found that the absorption of coffee in the 380-780 nm spectral range is mainly 
governed by the absorption of melanoidins which is present in coffee (Moreitra et al).[69] 
These high-molecular weight nitrogenous and brown-coloured compounds are formed 
during coffee roasting as the final products of the Maillard reaction. (The Maillard 
reaction is a chemical reaction between amino acids and reducing sugars that give 
browned food its distinctive flavor). 
              The discolouration effect produced by tea is greater than coca cola but not as 
great as coffee. This conclusion in this study is in contradiction to studies by Prodan et al 
[80], Malekipour et al (2012)[63], Tecke N et al (2015)[95], and Nasim et al (2015)[72]. This 
may be due to the tea variety used in this study. The Taj tea bags by Hindustan Unilever 
contain less tannic acid than the black tea used in the above studies. Further, few studies 
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have used tea at higher temperatures whereas, this study used tea in 37 degree centigrade 
to remove bias between other beverages. 
              The coca cola drink does not appear to be strongly implicated in colour change 
of composites, despite the presence of phosphoric acid. This finding is confirmed and in 
accordance to the studies by Mundim et al[71], Aliping M et al[8], Tecke N et al (2015)[95]. 
Bagheri et al revealed that coca cola did not produce as much discolouration as coffee 
and tea, which may be explained by the lack of yellow colourant in cola.[17] In addition, 
the presence of phosphate ions in cola may suppress the dissolution since these ions have 
been shown to reduce the discolouration rate of calcium phosphate from tooth (Emel 
karaman et al).[31] Although, the pH of cola is between 1.5 and 2, acceptable ∆E values 
are obtained from resin composites tested in this study. Manojlovic D et al found that 
mild staining property of coca cola in 380-500 nm range is because of presence of 
sulphite ammonia caramel (E 150d dye).[65] 
          The limitations of this in vitro study are 
 (a) in clinical situation at least one surface of composite is unexposed to beverages due 
to adhesion to the cavity walls. Whereas, in in vitro experiments the beverages influence 
both sides of the specimen.[67] 
(b) the surface properties of composites also influence staining properties which is not 
included in this study  
(c) a single colourant was usually used separately in this static immersion model, while in 
reality a multitude of dietary colourants may dynamically interact with composite resin 
restorations in an oral environment on a daily basis.[107] 
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 (d) Other factors like pH changes in oral cavity, thermal stress that happen along with 
beverage consumption, dynamic nature of salivary flow in cleansing cannot be simulated 
in this in vitro study. 
After 7 days of immersion, all the beverages showed colour change in all the 
composites tested. However, actual staining in the oral cavity would very likely require a 
longer period because of the intermittent nature of stain exposure, saliva and other fluids 
diluting the staining media, and polishing of the restoration surfaces by brushing. 
              According to Mundim et al, patients routinely ask dentists how long an esthetic 
restoration should last, and whether their eating habits may influence the quality and 
longevity of the restoration. Knowledge of the effects of staining potential on the surface 
of a composite resin could guide clinicians as regards to the instructions they give their 
patients after the operatory procedure, to assure better colour stability and long-term 
maintenance of the restoration. 
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SUMMARY 
This study was done to compare the effects of staining of coffee, tea and coca cola on 
three nanohybrid composites namely Polofil, Filtek Z350 N and Tetric N Ceram using 
VIS-spectrophotometer. 90 samples were prepared in total and 180 readings were taken – 
90 before exposure and 90 after exposure to beverages. 
Group I : Polofil , n=30 
Group II : Filtek Z350 N , n=30 
Group III: Tetric N Ceram, n=30 
The subgroups in each group before exposure were named a,b,c with n=10 in each 
subgroup.  In the present study, the CIELab system was used for colour measurement.  L 
represents the brightness (luminosity/value) of a shade, a* represents the amount of red-
green colour,   b* represents the amount of yellow blue colour. 
A,B,C denote the subgroups in each group after exposure to coffee, tea and coca cola 
beverages respectively. 
The exposure to coffee, tea and coca cola was done for a total of 7 days with change in 
solution every 24 hours once to avoid fungi formation. 
Once the exposure is completed, again the L*, a*, b* values were calculated using same 
calibrated spectrophotometer. Now the change in colour value, taken as ∆E is calculated 
by using the following formula 
                                                ΔE = ([ΔL*]² + [Δa*]² + [Δb*]²) ½ 
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Where, ∆L* = L1 the value before exposure – L2 the value after exposure to beverage,            
∆a* = a1-a2, ∆b* = b1-b2. 
Statistical analysis done using one way analysis of variance for inter group analysis and 
Tukey HSD for multiple comparisons. 
The results showed that reflectance increased in all groups (all composites tested) and in 
all subgroups (for all beverage exposures), when compared to baseline reflectance.  
Among the beverages, coffee created maximum staining in composites followed by tea 
and coca cola. Among the restorative materials tested, Filtek Z350 N underwent 
maximum staining followed by Polofil NHT and Tetric N Ceram. The combinations 
starting with maximum staining and ending with highly resistant to staining are as 
follows –  
Filtek + coffee  > Polofil +coffee > Filtek + tea >Ttetric + coffee >Polofil + tea > 
Filtek + coca cola > Polofil + coca cola > Tetric + tea > Tetric + coca cola. 
Knowledge of the effects of staining potential on the surface of a composite resin could 
guide clinicians as regards to the instructions they give their patients after the operatory 
procedure, to assure better colour stability and long-term maintenance of the restoration. 
Further in vivo studies can be done, to make the results from this study, more relevant in 
clinical scenarios. 
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CONCLUSION 
          Within the limitations of the study the following conclusions may be drawn: 
 All the composites showed increase in post exposure reflectance. 
 Filtek Z350 showed clinically significant color change for all beverages 
tested. 
  Polofil showed clinically significant color change on exposure to coffee and 
tea, but not for coca cola. 
 Tetric N Ceram showed clinically significant stain uptake only for coffee 
and not for tea or coca cola. 
 
  All the beverages showed staining property in all tested composites. 
 Coffee produced clinically significant color change on all composites tested.  
 Tea produced significant staining in Polofil and Filtek Z350, but not in 
Tetric N Ceram. 
 Coca cola produced significant staining only in Filtek Z350 and not in 
Polofil or Tetric N Ceram (Least staining ability among the 3 beverages 
tested). 
However, this present study evaluated the in vitro effects only with some 
limitations. The surface properties of composites, dilution effects of saliva, changes in 
oral pH and dynamic interactions of multitude of dietary colourants should also be 
considered. Therefore, in future further in vivo studies with large samples are required to 
support the results of this study. 
Filtek Z350 > Polofil > Tetric N ceram 
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